Appendix A -Supplement
Global Dietary Database (GDD) and corresponding International Comparison Program (ICP) categories.
GDD food category ICP food price category
Fruit -Fresh, frozen, cooked, canned, or dried fruit (excludes fruit juices and salted or pickled fruits).
• Fresh or chilled fruit -All fresh or chilled fruit including melons and water melons; excludes vegetables grown for their fruit such as cucumbers and tomatoes.
• Frozen, preserved or processed fruit and fruit -Includes based products dried fruit, fruit peel, fruit kernels, nuts and edible seeds; other preserved fruit; processed fruit; fruit-based products; excludes jams, marmalades, compotes, jellies, fruit purees and pastes.
Vegetables -Total vegetables, including fresh, frozen, cooked, canned, or dried vegetables (excludes salted or pickled vegetables, vegetable juices, starchy vegetables (e.g., potatoes, corn), legumes, nuts and seeds).
• Fresh or chilled vegetables other than potatoes -Fresh or chilled vegetables cultivated for their leaves or stalks, for their fruit, and for their roots; includes olives; garlic; pulses; sweetcorn; sea fennel and other edible seaweed; mushrooms and other edible fungi.
• Frozen, preserved or processed vegetables and vegetable-based products -Frozen vegetables; dried vegetables; other preserved vegetables; processed vegetables; vegetable-based products; includes frozen preparations such as chipped potatoes; lentils; products of potatoes and other tuber vegetables such as flours, meals, flakes, purees, chips, crisps, etc.; excludes potato starch, tapioca, sago and other starches.
Beans/legumes -Total beans and legumes, including tofu; excluding soy milk.
• Frozen, preserved or processed vegetables and vegetable-based products -(Defined above).
Nuts/seeds -Total nuts and seeds (can include peanuts, peanut butter).
• Other edible oils and fats -Edible oils (olive oil, corn oil, sunflower-seed oil, cottonseed oil, soybean oil, groundnut oil, walnut oil, etc.); edible animal fats (lard, etc.); edible vegetable fats (peanut butter, etc.); excludes cod or halibut liver oil.
Whole grains -Total intake of whole grain foods, including from breakfast cereals, bread, rice, pasta, biscuits, muffins, tortillas, etc.
• Bread -Fresh and preserved bread.
• Rice -Rice in all forms except flour.
Unprocessed red meat -Total red meat, including beef, pork, lamb, both domesticated and game; excluding poultry, fish, eggs all processed meats (may include offal).
• Beef and veal -Fresh, chilled or frozen meat of bovine animals, excludes edible offal.
• Pork -Fresh, chilled or frozen meat of swine; excludes edible offal.
• Lamb, mutton and goat -Fresh, chilled or frozen meat of sheep and goat; excludes edible offal.
Processed meat -Meat processed with sodium or other preservatives, including processed deli or luncheon meats, bacon, salami, sausages, bratwursts, frankfurters, hot dogs, etc.
• Beef and veal -(Defined above).
• Pork -(Defined above).
Fish -Total seafood, including fish and shellfish.
• Fresh, chilled or frozen fish and seafood -Fresh, chilled or frozen fish and seafood (crustaceans, molluscs and other shellfish, sea snails); includes land crabs, land snails and frogs; fish and seafood purchased live for consumption as food.
Milk -Total milk, including nonfat, low-fat, and fullfat milk (excluding soya milk or other plantderived alternatives).
• Fresh milk -Raw milk; pasteurised or sterilised milk; includes whole and low fat milk; recombined or reconstituted milk; soya milk.
Sugar-sweetened beverages -Total sugar-sweetened beverages, including any beverage with added sugar and ≥ 50 kcal per 8 oz., such as carbonated beverages, sodas, energy drinks, fruit drinks, etc.
(excluding 100% fruit and vegetable juices)
• Sugar -Cane or beet sugar, unrefined or refined, powdered, crystallised or in lumps; includes artificial sugar substitutes.
Fruit juice -Total fruit juice, 100% fruit juice only • Fresh or chilled fruit -(Defined above).
Note: ICP price indexes account for differences in currencies and purchasing power for economies around the world. For fruits and vegetables, we used a simple average of the two ICP categories. For whole grains, unprocessed red meat, and processed meat, we used an expenditure-weighted average of the ICP categories due to significant differences in expenditures across countries (e.g., negligible pork demand in Islamic vs. Western countries). 
Table S4
Estimates for plant-based intake (full model) 
Table S5
Estimates for meat, fish, and beverage intake (full model) 
Table S6
Estimates for plant-based intake (base model) 
Table S7
Estimates for meat, fish, and beverage intake (base model) 0.00 0.00 0.00 0.12 0.29 0.53 Note: Each income decile is composed of 16 countries (except the 4 lowest deciles, which are each composed of 17 countries). Values are the share of countries in a given region that make the income decile. For instance, Sub-Saharan African countries are 100% of the lowest income decile; High-Income/Western countries are 71% of the 9 th income decile. FCP = Former Centrally Planned economies of Central and Eastern Europe and Central Asia. MENA = Middle East and North Africa.
Appendix B -Mapping Dietary Intake to Food Prices
Fish and milk are categories with a one-to-one matching between the Global Dietary Database (GDD) and International Comparison Program (ICP) data. Proxies were used for beans/legumes, nuts/seeds, sugar-sweetened beverages, and fruit juice since they are not explicitly defined in the ICP data. For instance, the fish intake category from the GDD corresponded to the fish (fresh, chilled, and frozen) price index from the ICP, but the nuts/seeds category from the GDD was matched with the other edible oils and fats price index from the ICP, which is the closest food category and mostly includes oils derived from nuts and seeds. Preliminary results indicated that the sugar price index and fresh-fruit price index were considerably better predictors of sugar-sweetened beverage and fruit juice intake, respectively, compared to the broader price index for all-nonalcoholic beverages. This is plausible because sugar and fresh fruit are respectively primary inputs in the production of sugar-sweetened beverages and fruit juice.
The remaining GDD food categories corresponded to more than one ICP category. For instance, the ICP disaggregates fruits and vegetables into two groupings: fresh and frozen/preserved/processed. For fruits and vegetables, we used a simple average of the ICP categories. Simple averages were not appropriate for whole grains, unprocessed red meat, and processed meat due to significant differences in expenditures across countries (e.g., negligible pork demand in Islamic countries relative to Western countries). For these categories we used an expenditure-weighted average of the ICP categories. See table S1.
Let
represent mean daily intake of the ith food category in country C by subgroup g (g: sex and age) and the price level index for the same food category and country. Let and represent real per capita income and the food-price level index, respectively, in country C. The following semilog quadratic form is used to estimate food-intake demand:
= 0 * + 1 * log( ) + 2 * log � � + 3 * �log( ) × log � �� + 4 * log( ) 2 + .
The * terms [ = {0,1,2,3,4}] are parameters to be estimated and is a random error term.
Our modeling framework accounts for differences across sex and age subgroups by allowing these factors to have a direct effect on food intake, as well as an additional effect through income and prices. Accordingly, the parameters in equation (1) were expanded to account for differences by sex and age. Global analyses of food demand behavior should also account for differences in preferences across countries due to cultural differences or other non-income or non-price related factors. We assumed these preferences are region specific and expanded the model parameters accordingly:
W is a binary variable (= 1 for women and 0 otherwise). Age is a continuous variable ranging from 20 to 80 in 5-year intervals. The Age 2 term is added to allow for nonlinear age effects and the possibility of optimal responsiveness between the youngest and oldest subgroups. We account for preferences across countries due to factors not related to income or prices by including regional binary variables (Region).
Taking the derivative of equation (1) with respect to log(YC) or log(piC), and then multiplying by 1 , the income elasticity (ε) and own-price elasticity ( ) are respectively derived as follows:
is the percentage change in intake from a 1% change in income and is positive or negative depending on the food category, and is the percentage change in intake due to a 1% change in the price level;
should be negative since an increase in price usually leads to a decrease in quantity demanded. Since * can vary with sex, age, and region, depending on significance of the terms in equation (2), and can also vary with sex, age, and region. Equation (1)-including the parameters from equation (2)-was estimated for each food category separately using a least-squares procedure that allowed for arbitrary correlations among observations within the same country (cluster robust standard errors at the country level). The coefficients from equation (1) and (2) were then used to derive estimates of and for each food category, by country or region, and by age and sex. We also derived the standard errors for each and estimate using the delta method. Note that the elasticities can be derived at the country level using national income and country-level prices and at the world-region level using average income and prices for a region.
Preliminary results indicated that while 0 * varied with sex, age, and region, the remaining estimates ( 1 * − 4 * ) varied with sex and age only. Thus the parameters in the final model were specified as follows: 
Full-model and base-model estimates
The coefficients and standard errors used to derive the income and prices elasticities are examined. For comparison, we also provide estimation results from models without interaction terms (base models) (see tables S4-S8). Given the complexity of the full model, particularly the interaction terms, it is difficult to discuss the raw estimates in the context of dietary behavior. For instance, the estimate for the sex binary variable (W) is significant and negative in the fruit-intake model (full model). However, this is due to the interaction terms and is not an indication of a ceteris-paribus relationship. Note that the same estimate in the fruit-intake model without the interaction terms is positive and significant, reflecting the fact that women consume more fruit than men.
The base-model results show that fruit, processed meat, fish, sugar-sweetened beverages, and fruit juice are the only categories affected by both price and income. Interestingly, these are the only categories where the income and own-price elasticities derived from the full model were mostly significant. Even when a base-model estimate for a food category was significant for income or price (but not both), the corresponding income or price elasticities were also significant (e.g., nuts and seeds and whole grains). Note that the base-model price effect for unprocessed red meat was not highly insignificant, which is why the own-price elasticity was significant for at least one subgroup. In comparing these results, it is clear that the significance of the income and price estimates in the base models is indication of the significance of the corresponding elasticities derived using the full model, at least for some regions, countries, and demographic subgroups. It is important to note that when the base-model price and income estimates were significant, but the full-model estimates were mostly insignificant, (e.g., unprocessed red meat, fish, and fruit juice), there was little variation in the elasticities across subgroups, and differences across regions were mostly due to differences in relative consumption levels.
Our defined regions may not be completely representative of non-income and non-price factors across all countries within each region. For instance, it could be argued that high-income Asian countries such as Japan and South Korea (APC) are very different from other Asian countries such as China and the Philippines, South Asian (SA) countries such as India and Bangladesh are very different from North African and Middle Eastern countries, and the relatively few island economies included in HIC are very different from western economies. Here we present estimation results where APC, SA, Other Islands are removed from Asia, MENA, and HIC, respectively, and defined as additional regions. As noted, we aggregated these countries with other regions due to their small number. To illustrate how our estimates are fairly robust to different regional definitions, we report the base-model results with these added "regions" for comparison purposes (see table S8 ). Note that when comparing these estimates to estimates in table S6 and S7, there are no significant differences. Most importantly, the effects of sex and age are almost identical for most food categories, and the income and price effects are statistically equal.
